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PREFACE. 



This field manual has been prepared expressly for the author^s 
students in surveying, in the expectation that its use would go 
far toward solving the problem of how to properly guide the field 
work of a large number of students with a limited corps of in- 
struction. It attempts to supply the student with a clear state- 
ment of what each prdblfe&l'cbn5ists,'^tSe hecessary equipment for 
its solution, together ImlSt pr'dper methods of performing each 
problem and recording ite. fi;eld* potes. - ^he use of mimeograph 
copies of part of this book thd.p'E&'t t^o' j'oars has proved a great 
saving of time, as well as'otliof ^/:sA afded \u the thoroughness of 
the instruction. It is intended* thort tliis manual shall to a cer- 
tain extent take the place of an instructor, but not the place of 
a general text book. It will add the definite directions for each 
problem, to the general instruction contained in the text books. 
Wherever reference is had to the page of text book, Johnson's 
Surveying is meant. 

The fifty-five problems given constitute the required topo- 
graphic work of the freshman and sophomore classes in Civil 
Engineering. Other students, of whom only a short general 
course in surveying is required, need take only the following 
problems: 2, 4, 6, 11, 12, 14, 18, 21, 22, 23, 24, 25, 32 and 34 

All the land surveying problems given have been performed 
many times, and as a careful record of the results has been kept, 
the instructor, by means of his record, is able to point o\it vc^^k\fc 
field the errora made and thereby jadge \\ie> ^^c^>\^\:i^^ oVC^^ \sv- 
etrumeDtal work. It is hoped that every a\.vi^^xi\.^\\\ V^*^ ^w^Co^^^a^ 
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best effort to secure the degree of accuracy sought, as well as 
earn a reputation for accuracy and industry. The acquisition of 
such mental habits will be at least of equal value with the tech- 
nical information afforded by the exercises. 

Leonard S. Smith. 
Madison, March 19, 1900. 
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GENERAL INSTRUCTIONS TO FIELD PARTIES. 

t 

' 1. Complete notes of each problem in proper form must he 
•^ made during the progress of the field work. 

2. The notes should be so complete as to be readily understood 
by any one familiar with such work. 

3. The notes should be a journal of each day's field work, giv- 
ing (a) Name of problem; (b) Date; {c) Time spent on each prob- 
lem; (d) Name of instrument used; (e) Personnel of party; (/) A 
detailed report of all work. 

4. No notes are to be copied from another note-book, but in 
general, wherever possible, both members of the party will record 
full notes. 

5. In no case and for no cause shall erasures of the field-notes 
be made. Should any figure be erroneously entered, it should 
be crossed out and a correct entry made near by. 

6. When the problem requires the work of two or more, each 
student in turn must act as chief, do the instrumental work, and 
take notes for a complete solution of the problem. 

7. No credit will be given for field work except as it can be esti- 
mated from the field notes, and the student is urged to cultivate 
the habit of doing things quickly as well as accurately. 

8. A clear and complete index of all field notes shall be pre- 
• pared on first pages of field book as the work progresses. 

9. Field books will be handed in for inspection every two 
weeks. 

10. Only 4 H pencils should be used for recording. 

11. Students should read over carefully the instructions before 
beginning a problem and see that they are fully understood. 

12. Students will be held responsible for all equipment issued 
to them, and any loss or breakage must be made good to the 
University. Students should examine all equipment when issued 
and report then any injury or deficiency, iu order that the re- 
sponsibility may be properly fixed. 



CHAPTER I.— USE OF CHAIN. 



FBOBLEH 1. 

STANDARDIZING THE TAPE OR FINDING ITS TRUE 
LENGTH. 

Equipment. — Chain and tape used in problems 2 and 3. A 
standard tape, spring balance, two plumb bobs, triangular scale 
and a strip of white card board. 

Directions.— Ist, Unroll the standard tape on the second 
floor of U W. gymnasium or other suitable place, tacking a piece 
of white card board under the zero and 100 foot mark. With a 
tension of 12 lbs., as shown by the spring balance, mark with a 
knife edge the length on the card board of the 100 feet. Make a 
similar measurement with both the tape and the chain, whose 
true length is desired, and note carefully the difference and its 
.sign, i. e., too long +, too short — . 

2nd. Observe by several trials the changes in the length of the 
t;hain and tape by making the tension 12 lbs., then 20 lbs., etc. 
Record the results in note book and compute the average change 
in length for a variation of one pound of pull. 

3rd. Hold the chain and tape clear of the floor and by use of 
the plumb bobs to mark the ends, flnd the tension required to 
make the tape and chain of standard length. Repeat the experi- 
ment three times and use the average pull in the fleld measure- 
ments which follow. 

PROBLEM 2. 
LINEAR MEASUREMENTS; CHAINING. 

Equipment. — Link chain, Csame as tested in Problem 1), set 
of marking pins; two range poles, one plumb bob. 

Directions.— Set a range pole successively at the corners of ' 
U. W. Farm No. 1, and measure the length of each side as well as 
the diagonals radiating from Sta. M. Make two measurements of 
each line — one in each direction, lining in by eye, and taking ' 
care that the two ends of the chain are always at the same level, 
"breaking chain " wherever the slope requires it. Always drag 
the chain ahead its full length, even if it makes it necessary for ■> 
the head chainman to walk back in so doing. Always place a ^ 
pin at each even chain length and begin again at that point for a i 
' ^D length, keep account of the number of whole chain [ 
Y means of the pins. If the rear chainman has always | 



a pin at the begiDniDg or initial station, then the number of 

chains at any point is the number of pins he has in his hand (not 

counting the pin in the ground). Use a foot rule or a pocket tape 

to measure the fractional part of afoot. The two measurements 

of each distance should 

check by an amount not 

greater than ^^^ part of 

the length of the line. 

By careful work the error 

can be made much less 

than this. 

Record the results of 
the chaining in the field 
book, together with a 
sketch of the farm as 
here shown. 




Field Notes, Problem 2. 



From 
Station 


To 
Station 


Dis- 
tance. 


Difference 
in measure 


Aver- 
age. 


Remarics. 


A 


B 


228.30 


'ir2sJ 


288.35 


April 1, 1899. 


B 


A 


228.40 






( Head chainman. 
Party ] 

( Rear chainman. 


B 


C 








C 


B 








Chain, U. W. chain, No. 2. 


C 


D 










D 


C 








Time spent on problem, 
1 hr.l5 min. 



Office work,— Compute the area of eac h of the triangles MBC, 
MOD, (Sec, using the formula Area=i/« («— a) {s—b) (s—c); 
where a stands for the ^ sum of the three sides of a triangle and 
Of b and c, are its sides. 



FBOBLEM 3. 
USE OF STEEL TAPE. 

Equipment — 100 ft. steel tape, set of pins, two range poles, 
one plumb bub. 

Directions. — Proceed as in Problem 2 to measure twice (in op- 
posite directions), the sides of U. W. Farm No. 2, taking great 
pains to level and align the tape correctly as well as use the 
proper pull (found in Problem 1). Take great care in all the var- 
ious operations. In good work the difference in the two measure- 
ments of any line should not exceed 50V0 P^rt of the distance. 
Draw a diagram of the field on the right hand side of the field 
page and record notes as in Problem 2. 

Caution. — In measuring lines on hillsides beginners gener- 
ally hold the down hill end of tape too low there"by getting 
distances too long. This can be tested on the campus by com- 
parison of the tape line with the water table of neighboring build- 
ings. The horizontality of the tape can be best tested by a third 
observer, when opposite the middle point of the tape and about 
100 feet distant from it. 

FBOBLEM 4. 
LAYING OUT RIGHT ANGLES WITH A CHAIN. 

Equipment. — Link chain (or tape) and set of marking* pins. 

Directions.— Select an area (like the lower campus) where a 
square of about 200 feet on a side can be laid out. By means of 

. the chain and the *' 3, 4, 
J2r^Q-J> 5" (or multiple thereof) 

^{ \ \ method lay out right an- 

gles at each corner of the 
square. Thus at corner 
& fix the zero of chain at 
h (with a marking pin) and 
have one man hold the 30- 
foot mark at " /n " in the 
line h a, then with the 90- 
foot point held at m and 
the zero point at h swing 
the 40 mark until both 
sections (40 and 50 feet) 
are taut. The angle mbn 
will be a right angle. Pit>- - 
duce the line hn to c, mak- 
ing he 200 feet, then r«> 
operation until a is reached. Afeaaure a a' and oom- 




pute the error of closure = 



If care is used in 



perimeter 800 

doing the work and especially in producing the lines, the closing 
error a a' may be made less than one-half of a foot. 
Record results with a sketch in the field book. 



FBOBLEM 5. 

TO CHAIN THROUGH AN OBSTACLE. 

Equipment, — Same as in preceding problem. 
Directions. — Select two points on the campus and lay off a 
right angle at 6, c, d and e as shown in figure making be = 

de. Produce / e 

^ f backwards and 

V "" " ' I 77 note the failure of 

the line so pro- 
duced to hit 6. 
Measure and re- 
cord with sketch 
eh' and 66'. 

Field note 8. — 
Sketches in the 
field book as above 

p- J. with statement of 

F\q ^ results, will con- 

7 stitute a sufficient 

report. The magnitude of the errors made will indicate how 
much reliance can be placed on such metnods. 




FBOBLEM 6. 

TO MEASURE AN ANGLE WITH A CHAIN. 

Equipment, — Chain or tape, two range poles and set of pins. 

Directions.— Measure all the an- 
gles in Farm I by the method sug- 
gested in the following figure, us- 
ing the formula 

2 6 

If the angle should be greater. 

than 90" it will probably be easier 

to measure the supplement of the 

angle. 

The following form is a conven- 




ent one for record in field book: 



Field Notes, Problem 6. 



Angle. 


b 


a 


a 
2 6 


MA 


A 


Remarks. 


DMA 


50 


58.71 


0.734 


47«'-13' 


94«'-26' 


Date .. 

Party. ■ 

Tape. 
Time. 











































PROBLEM 7. 

TO MARK A POINT ON A HOUSE OR OTHER OBJECT 
NEAR A LINE OF SURVEY WHICH SHALL BE 
AT RIGHT ANGLES TO SAID LINE — 
USING A TAPE, CHAIN, OR CORD. 



^^-^ 




Fic^ 5 



Let ^ J5 be a line of survey. 
Let C be a house on which a 
transfer of point B is required 
at right angles io A B. 
Then with radius B A swing 
arc A O, and with "^ B C on 
tape, measure to arc from line 
A B 2X point 0/ with radius 
OB (=B A), and O as a 
center swing arc B C touch- 
ing the house at C, the re- 
quired point. 



CHAPTER IL-THE COMPASS. 



PROBLEM 8. 
ADJUSTMENT OF THE SURVEYOR'S COMPASS. 

I. By the maker: 

1. To make the plates perpendicular to the axis of the 

socket. 

2. To make the diameter through the zero graduations lie 

in the plane of the sights. 

II. By the surveyor: 

1. To make the plane of the bubbles perpendicular to the 

vertical axis and therefore parallel to plates. 

2. To adjust the pivot to the center of the graduated 

circle. 

3. To straighten the needle. 

4. To make the plane of the sights normal to the plane of 

the bubbles. 

5. To remagnetize the needle. 

Directions. — Write up a full report of how you tested the ad- 
justments and manner of connecting errors found. Draw dia- 
grams explaining method. 



FBOBLEM 9. 

SIGHTING AND READING NEEDLE. 

Equipment, — Surveyor's compass and sight pole. 

Directions,— Set up the compass over some corner of Farm 1 
2^ ^ M and with an east declination of 5° — 00' point and read the 
needle when sights are pointing at station B, C, D, I and also 
at spire of Capitol and University Hall. 

After sighting and reading these directions by estimation of 
the needle to the nearest 5 minutes, change the declination a few 
minutes and again take the readings. From the needle bearings, 
the angles between the points should be computed. The dis- 
crepancies between the two sets of readings will give some idea 
of the degree of reliability of needle readings. 

The following form for field notes is a convenient one to em- 
ploy: 



Field Notes, Problem 9. 



Sta. 
Occ. 


Station 
Sighted. 


First 
Heading. 


Second 
headings. 


Angle, 
1st Deter- 
mination. 


Angle, 
2nd Deter- 
mination. 


Remarks. 


J M 


UnL Hall 

JB 

JC 


N 750 15' W 
N 65« 10' W 


N If*" 50' W 
N 65'' 40' W 


10«5' 


lO^lC 


Date 

Party] " 

Instru- 
ment . . 

Time .... 


1 


^ D 






1 


^ Capitol 





















FBOBLEM 10. 



RUNNING COMPASS TRAVERSE. 

Equipment, — Compass and rod, plumb bob. 

Directions. — Set up the compass over some corner of Farm 
No 1, as z/ " 3/," then sight J ** B'' and z/ " 7 " (declination of 
5^ being properly set off). Then take the compass to ^ " 5 " 
and sight back at ^ " 37 " and forward to ^ *' C," reading the 
needle at each pointing, and continuing in the same manner 
around the field to Sta. "7". Unless there is local attraction 
the back and fore sights should closely agree except the JS and 
Wf JV and S will be interchanged. If local attraction be found 
determine its amount. 

From these bearings, compute the angles at the several corners 
and compare them with the results obtained from chaining (see 
problem 6). The correct values for the angles of Farm I, are 
B M Ir= 178^ 02 , M 5 = 69^ 32', B C D = 152^ 24', V D E= 
146^ 49 , J) E I = 100° 26 , /; 7 37= 72°-47'. 

The check on the work is that the sum of the angles must 
equal 2 ?i right angles, minus 4 rightangles, where n is the number 
of sides of the closed field. 



Field Notes, Problem 10. 



-^occu- 
pied. 


J sighted. 


True 
bearing. 


Angle. 


Angle by 
chain. 


Remarks. 


^M 


JI 

^B 

^ M 


S 71*> 38' E 
N GQ** 40' W 


I 178'' 2' 


178° 0' 


Date. 

Party. 

Instrument. 

Time. 


^B 

JC 


A C 






69« 15' 


^B 






jd 






152«> 20' 











CARE OF INSTRUMENTS OF PRECISION. 

As stated in the general instructions, students are held strictly 
responsible for the safe keeping and judicious use of the instru- 
ments intrusted to their care. In no case will this rule be de- 
parted from. The necessity of this rule is seen when the great 
cost and delicacy of such apparatus are considered. The follow- 
ing cautions should be read carefully. Their observance may 
prevent a costly accident. 

It certainly does not betoken proper care to leave an instru- 
ment standing unguarded in a street^ road, or pasture ^ or in 
close vicinity to blasting, or to expose it unnecessarily to the 
burning rays of the sun, or to dust, dampness, or rain at any 
time. Such carelessness must inevitably result in deterioration 
of the accuracy and efficiency, not to speak of the durability, of 
an instrument. 

It should be borne in mind that there are many parts of an in- 
strument which, if once impaired, cannot be restored to their 
original efficiency. 

Legs of tripods, if fitting too loose or too tight, and dull shoes 
are frequent sources of falls, and loose shoes tend to make an un- 
steady instrument. The test of the proper degree of the light- 
ness of the legs is this, that if the leg is raised to a horizontal 
position and left free, it should gradually sink to the ground. If 
it drops abruptly it is too loose; if it does not sink it is too tight. 

When taking an instrument from its box, it is not immaterial 
where and how to take hold of it. To lift it by the telescope, 
circles, standards, or wyes is improper, and while it may not h^ 
attended at once with any serious coiiae>cv^3^^''^e,^^^^^V\\.\si56?i'sjs^sife- 
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CHAPTER in — LEVEUNG- 



USUAL ADJUSTMENTS OF THE WYE LEVEL. 

I. Preliminary focusing of eye-piece. 

II. Collimation adJ4]stmeDt. 

{a) Moving the Tertkad wire truly vertical. 
lb) Making line of collimation parallel to axis of telescope 
rings. 

III. Bubble adjustment. 

Consists of making axis of bubble parallel to line of col- 
limation by either 
(a) Direct or peg method, or 
lb) Indirect method. 

IV. Wye adjustment. 

Consists of making the axis of the wyes and consequently 
the axis of bubble perpendicular to vertical axis. 

In addition to the above all Gurley levels can have a fifth 
adjustment called the 

V. Object Slide adjustment. 

This consists in making the optical center of the object 
glass move in the axis of the telescope tube. 



FBOBLEM 11. . 

TO ADJUST A WYE LEVEL. 

Uquipment.—Wye Level and level rod. 

Directions. — First throw all parts of the instrument out of 
adjustment; then perform the adjustments in proper order, test- 
ing the collimation adjustment by both the direct and indirect 
methods. Write a complete report of how you made the tests, 
what discrepancies you found and how you corrected them. Use 
diagrams in explaining the reasons for the eoxx^^Xv^xi. 
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FBOBLEM 12. 

TO ADJUST A *♦ DUMPY LEVEL.'' 

Equipment, — Dumpy level and level rod. 

Directions, — Proceed as in Problem 11, being sure to note that 
the first adjustment of the Dumpy level is the same as the 4th 
or last adjustment of the wye level as follows: 

ADJUSTMENT OF THE DUMPY LEVEL. 

I. To make the axis of the bubble perpendicular to the verti- 
cal axis of the instrument. 

II. To make the line of collimation parallel to the axis of the 
bubble, i. e., the '* peg method." 

Record in the field book as required in Problem 11. 



DIRECTIONS FOR RUNNING LEVELS. 

1. A party will consist of a level man and one rod man, both of 
whom will keep complete notes. 

2. All levels will begin at U. W. B. M. on foundation Science 
Hall, near front steps, elevation 883.49 ft. above sea level, and all 
problems require the level line to be run in a circuit closing on 
the initial B. M. 

3. Levelman and rodman must keep separate notes -and com- 
pute differences of elevation immediately. As levelman and rod- 
man pass, the former must read the rod himself, record results, 
then compute H. I. and after computations are made, compare 
results with rodman. If the results differ, each must read the 
rod before comparing anything but results. 

4. Fore and back sights should be of equal length, as deter- 
mined by pacing, and no sight should exceed 300 feet. 

5. If it is impracticable to take equal back and fore sights, as 
soon as the steep slope is passed, take enough unequal sights to 
make each set balance, taking extra care to insure a correct ad- 
justment of the level. 

6. Always level the instrument exactly before setting the target. 
After setting it and before giving the " all right " signal examine 
the level bubble. After the target is firmly clamped its position 

should he checked by the levelman. If errors are found reset 
the- target 
7' The level should be adjusted eacVi da.^. '^\ift ^V^^Xxoaiit of 
?//De of collimation and of the \eve\ tvOofe Va ^«^^c\».>\i Vav^sstV 
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8. Rodmen should use steel pegs with round head as turniDg 
points, never a point on sidewalk or other movable object. Keep 
the top of turning point free of dirt as well as the bottom of the 
rod. 

9. In case of windy weather use plumbing levels. Long exten- 
sions of the rod are apt to introduce error into the work, and 
should therefore be avoided in most accurate work. 

10. The limit of error should not exceed 

ft. 

0.05 ^'distance in miles (2,000 paces=one mile). 

11. All Elevations are to be adjusted by distributing the clos- 
ing error, as explained later, using red ink figures in the corrections^ 

FBOBLEM 13. 



DIFFERENTIAL LEVELING. 

JEquipment, — Level, rod and steel turning point. 

Having adjusted the level, run a line of levels from S. H. B. M. 
(Ele. = 883.49) around No. Farm 1, closing back on initial B.M. 

Form of Field Notes, Problem 13. 



B.M. 


B+S. 


H. I. 


F. S. 


Eleva- 
tion. 


Distance 
paces. 


Remarks. 




1 141 





5.321 




B. S. F. S. 


*NoTE-B.M.on 
foundation of S. 
Hall N. side of 
east step eleva- 
tion = 883.49. 
Instrument. 
Date; May 10, 
1899. 

( Level- 
Party -j man.. 
( Rodman. 
Time. 


*B. M. S. H 


883.49 


15 






8S4 631 


879.310 


35 




8320 


887.630 


1 200 


60 






886.430 


40 







-&c. 












Note.— (a) At the close of the circuit the notes should show the amount 
of closure error, thus : 

True elevation of B. M 883.49 

Elevation per line of levels 883.481 

Error 006 

(6) At the foot of each page in field book the sum of the B. S. and F. S. 
readinf?s should be computed and entered in proper column, then as a check 
the difference of the two sums added algebraically to the elevation to start 
with, should check with the elevation obtained b^ Wie ^<fe\^ wk\si>^x>x»>awQa.., 

(c) Divide the error •■/ closure by "the tiwmV»T ol\xxTuv\v^^\»x»>»^^Ai^^L' 
eait and apply tbia quotient multiplied by t^e u\vm\»T-o\ v«>>^^. V'JS^^^^;^ 
nmg as a correction to the elevation of ea«^:lataXivoll,«k^^«^va%v^. ^^wo-*^ 
neldHsraraa using red ink. 
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FBOBLEM 14. 
DIFFERENTIAL LEVELING. 

Adjust level every day before beginning work. Run a line . 
of levels around Farm No. 2 in the same manner as directed in 
Problem 13. Make an effort to obtain more accurate results 
than before. Use rod levels if the wind prevents the holding of 
the rods vertical. Be sure the bubble is in the center when the 
final setting of the target is made. 

FBOBLEM 15. 
DIFFERENTIAL LEVELING. 

Run a line of levels from Science Hall B. M. to B. M. on top of 
large stone of east portico of Washburn Observatory marked x, and 
return to S. H. Check on all B. Ms. which you pass on the 
way. Read the instructions on page 12 carefully. 

FBOBLEM 16. 

PROFILE LEVELING. 

Run a profile line from corner Science Hall down Park St. to Lake 
Mendota. Take reading on water level, and also on a B. M. on a 
three sided rock near water and east of fence. Afterward draw this 
profile on profile paper as directed in the class, and add a neat 
title. All figures on the profile wHich refer to elevations should 
be in red ink, all other figures in black. Use ** Plate " A. pro- 
file paper. 

Form of Field Notes, Problem 16. 



Station. 


B+8. 


H.I. 


1.8. 


f7s. 


Eleva- 
tion. 


Remarks. 


S. H. B. M. 


1.249 


884.739 


"~3.4 





883.490 
881.3 


♦NoteB. M. on8.H. 
Elevation = 888.49. 

iDAtrument. 

Date; May 20, 1900. 

)Leyelman 

Party 

) Rodman 

Time taken. 


+ 20 


+ 30 






5.4 

6.6 
7.6 

10 7 

5.9 





879.3 
877.6 


+ 3« 






+ 72 






878.1 
877.1 
874.0 
873.945 
869.0 
etc. 


+ 90 







lo'.794 


1 + 55 


T.P. 


0.941 


874.886 








/ 


i 




etc. 


\ 
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PROBLEM 17, 

DETERMINATION OP THE DIFFERENCE OF LEVEL 
OF LAKES MENDOTA AND MONONA. 

Equipment, — Either a Wye or dumpy level, a speaking level 
rod, and a steel turning-point. 

Directions.— V^iihoMt setting the target and only reading the 
rod direct to the nearest hundredth of a foot, run a line of levels 
irom the U. W. B. M. near the foot of Park street on Lake Men- 
dota to the point where the C, M. & St. P. R. R. enters Monona. 
lEstablish a B. M. at this point on top of rail and read also the 
water level, then close the line of levels back on the B. M. and 
point of beginning. 

It will afford checks on the work if intermediate temporary 
^stations be included on the line both going and returning. 

With a careful observer fully as accurate work may be done 
'with a speaking rod without a target as with one, and the work 
should proceed very much faster. Record field notes as in problem 
13. 



FBOBLEM 18. 

PROFILE LEVELING. 

Equipment, — Same as in problem 17. 

Directions,^ Run a profile line from bottom of tunnel near U. 
W. Central Heating Plant northwesterly to Lake Mendota, 
checking on B. M. at the shore and determining the lake level as 
-well. Draw a profile of this line, and compute the elevation for 
every 100 feet of the bottom of a tunnel, beginning at the level of 
present tunnel and driven on a 2 per cent, grade. What would 
be the elevation of the point where such a grade would come out 
of the present bluff, and what would be its distance from the 
point of beginning? Record field notes as in Problem 13. 

Note.— In ranninflr these profile levels use a spsakiof? rod, readin? without 
target to the nearest hundredth of a foot on turning points but reading only 
to the nearest tenth of a foot on all intermediate or profile points. Record 
field notes as in Problem 16. 

FBOBLEM 19. 

Repeat problem 13, but read the speaking rod direct instead 
of by means of a target. 
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PROBLEM 20. 

DETERMINE THE VALUE OP A DIVISION OF A LEVEL 
BUBBLE ON AN ENGINEER'S LEVEL. 

Equipment. — Level used in previous problems, level rod and 
tape. 

Directions, — Firmly plant the level in a shaded spot and meas- 
ure a base line of about 200 feet from it to where the rod will be 
held, as explained in Art. 62, page 58 J. Do not depend upon 
the bubbles remaining the same length, but by means of its 
length determine the distance from the center of the tube to the 
point on the bubble where the graduation begins, so that all 
readings of either end may be from the center. Then with, say 
the eye end of the bubble as near the center as the graduation 
will allow, read and record the number of divisions of each end 
from the center. At same time set the target on the rod held on 
a turning point at the far end of the base line and record its read- 
ing. Repeat the operation with the object end of the bubble 
near the center, reading both ends and setting the target as be- 
fore. This completes the field work which may be recorded in 
this manner. Base line 200 ft.: 

Ist Position,— Eye End 4.8; Obj. End 19.6; H diff. -f 7.4; Hod Read. 4. 913. 
2nd Position,— Eye End 19.0; Obj. End 15.3; H diff. — 6.8; Rod Read. 4.703. 

Subtracting we have 14.2 divisions of the level equal the angle 

.205 
whose tangent is ^^^=.00105. In a table of natural tangents 

this is seen to be the tangent of 3' and 37' or 217". Therefore one 
division of the level would equal 217' divided by 14." or 15.^ sec- 
onds. 



\ 
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CHAPTER IV.-TRANSIT WORK, ETC 



THE ADJUSTMENTS OF THE ENGINEER'S TRANSIT. 

In a theoretically perfect transit instrument, the following^ 
points are established: 

1. The object and eye-glasses are perpendicular to the optical 
axis of the telescope at all distances apart. 

2. The line of coUimation coincides with the optical axis. 

3. The line of collimation is parallel to the telescope level. 

4. The line of collimation passes through, and isperpendicular 
to the horizontal axis of revolution. 

5. The vertical circle is perpendicular to the horizontal axis. 

6. The center of its graduated arc lies in the horizontal axis. 

7. The arc reads zero when the line of collimation is perpen- 
dicular to the vertical axis of the upper plate. 

8. The pivots of the horizontal axis of the telescope are circles. 

9. The bearings for these pivots are of the same diameter or 
otherwise exactly similar. 

10. The line of collimation moves in a plane perpendicularly 
above the center of the horizontal graduated circle. 

11. The horizontal axis is perpendicular to the axis of the 
upper plate. 

12. The uppuer plate is perpendicular to its axis. 

13. The radial lines which form the graduations of the circle 
and verniers are equi-distant at the same distance from the axis 
of the upper plate, and pass through this axis. 

14. The levels of the upper plate are perpendicular to its axis. 

15. The vertical axis of the upper plate coincides with the axis 
of the lower plate. 

16. The lower plate is perpendicular to its axis. 

17. The center of the vernier plate lies in the axis of the lower 
plate. 

18. The axis of the plumb bob coincides with the vertical axis- 
of the instrument. 

Of the above points the maker attends to numbers 1, 2, 4, 5, 6, 
8, 9, 11, 12, 13, 15, 16, 17, 18, as a part of the skillful manufacture 
of the instrument; and the engineer has no facilities for adjusting 
them, away from the shop. Points numbered 3, 7, 10 and 14 are at- 
tended to by the maker when the instrument leaves tV^^ ^fc^^ss^g-^. 
but owing to their liability to dw«^tig!e>\iife\i\.^ \xcyai. ^^^^«c^ai>^ 

jTougb usage, the maker leaves it in tl^e^^^xA^a ol \3aa ^^^^.^aiRsst^sv 

restore them at any time. 
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In order that the student may have clearly before him and in 
proper order the usual field adjustments, they are given below 
in tabular form: 

FIELD ADJUSTMENT OF AN ENGINEER'S TRANSIT. 

Preliminary. — Focus the eyepiece until the cross -wires look 
black and distinct, and also appear in the center of the field of 
view. 

I. Plate Bubble Adj. — Make the axis of each plate bubble 
perpendicular to the vertical axis of the transit and 
therefore parallel to the horizontal plates. 

'II. Reticule Adj.— Turn the reticule until the vertical wire 
is truly vertical. 

III. Collimation Adj. — Make the Line of Collimation perpen- 
dicular to the horizontal axis of the telescope. 

IV. Horizontal Axis Adj. — Make the horizontal axis i)erpen- 
dicular to the vertical axis. 



*J 



V. Level Adj. — Make the axis of the telescope bubble par- 

allel to the Line of Collimation. 

VI. Vertical Circle Adj. — Make the vernier of the vertical cir- 

cle read zero when the bubble is in the center of its tube. 

PROBLEM 21. 
ADJUSTMENT OF AN ENGINEER'S TRANSIT. 

Put a transit out of adjustment, then readjust it in proper order 
(see tabulation above). Write a full report on the conditions 
found and the methods adopted for making the corrections; il- 
lustrate the report with carefully drawn diagrams. Record the 
instrument used and the time employed to do the work. 

PROBLEM 22. 

MEASURE THE INTERIOR ANGLES OF FARM NO. 1. 

Equipment, — Transit and one or two transit rods. 

Directions. — Always set the •* A " vernier to read zero, then 
bv the LOWER motion point and clamp on left hand station. Then 
loosen the top motion and turn to the right (i. e., clockwise] and 
point on the right hand station, the lower motion remaining 
AlftQiped. Read Vernier A. For a check read the exterior angle 
lied tiie ezplement) and their sum should equal 360°. 

9 adjastmentB enable the line of collimation to desGribe t 



19 



Field Notes , Problem 22. 

ANGLES FASM 1. 



station 
Occu- 
pied. 


Station 
Sighted. 


"A." V 
Interior. 


BSNIES. 

Explement 


Sum. 


Remarks. 


JM .... 


JB .... 

Jl 

^c 

JM.... 
etc. 


0«00' 

178« 02' 

0«00' 

69^30' 

etc. 






Date, June 1, 1900. 

(Transitman... 
Party ] . 

(Rodman 

Transit B. & B. 670. 

Time, m hours. 


181° 58' 


360*» 


JB 


290* 30' 
etc. 


360* 
etc. 







FEOBLEM 23. 

RUNNING TRAVERSE SURVEY OF FARM NO. 2. 

Equipment SsLme as in problem 22. 

Directions. — Assume the azimuth from station M to spire of the 
capitol to be 271** 54', thus orienting the plates; then run a trav- 
erse around Farm No. 2, at each station orienting the plate by 
making the **A*' vernier read the same 
on the back sight as the *'B" vernier 
reads on the fore sight from the station 
just left to the station now occupied. 
In other words, to compute the back- 
sight reading to be laid off on Ver. 
*'A.," add 180" to the corresponding 
fore-sight reading. If this sum should 
exceed 360" then subtract 360" from it, 
the difference will be the back azimuth. 
For example, suppose the F. S. from 
A to B was 71", then the B. S. reading 
from B to A would be by the above 
rule 71" + 180" = 251". Again, sup- 
pose the forward azimuth from B to C 
were 220", then the back azimuth would 
be 220 4- 180 = 400", being greater than 
one complete circle (360") we subtract 
360" and get 40" as the back azlmvilb. 
from C to B, This is further exp\«^m^\yj \?aft ^'SK*ax». 
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Field Notes, Problem 23. 



Station 
Occu- 
pied. 


Station 
Sighted. 


Azimuth. 


Bearing. 


Dist'nce. 


Mag. 
Bear- 
ings.' 


Bern arks. 




etc. 
A 2 


etc. 
1-0 










BBg 
S588°6'E 


si 


t 
1 


Date 






A I 


^^ 


108-22 


Party 






A I 


288-22 


Transit 




A M 


Capitol 


. 271-54 


Time. 











Caw^ion.— Begin notes at bottom of page and use only every 
other line of book. Except where electric currents render it 
useless, take magnetic bearings of the lines as a check. Or after 
orienting the plates, turn vernier A to read 180®, then the needle 
ought to read the declination (5® E on the average). Be careful 
to read the right vernier, and the right part of the double vernier, 
viz., that part of the double vernier on the side of zero toward 
which the graduation increases. This is in the direction of 
Azimuth. The closing error in Azimuth should not exceed 2' 
and with care can be made less. 



FEOBLEM 24. 

RUNNING A STRAIGHT LINE. 

Equipment. — Transit, 2 transit poles, about 10 wire nails (4 
inch) and a hatchet. 

Directions, — Set two transit poles "A" and " B " on Uni- 
versity avenue so that they shall be intervisible and not less than 
four blocks apart. Center transit carefully over point *' A " and 
with '' B " as a foresight, set a nail at ** " on line and about a 
block away. Center instrument carefully over " C " and with 
*'^ "as a back sight set ** D " about a block farther toward "B," 
and taking care to ^^ double center" \\, so «& to ilUminate any 
error in the adjustment of the transit, ^t \r^^X'^\>'»'» ^\A^- 
peat this operation always back 8\g\itVxi^ a\i i^» «X».>3tfi\i \\»X 
^^yjousJy occupied, setting new points a^OL^^ajQi ^n\At^\^ SsA«V«i^- 
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ent of station " A," until station ** A " is reached where a point 
*' A' " should be put just opposite ** A." Measure the distance 
from A' to A. This will be the error of prolonging the 
straight line, and should not, in a half mile, exceed an inch. 

This problem should illustrate the fact that a straight line can 
be run more accurately by fore sight than by back sight and 
quicker. 

Make a diagram of the problem, and record all work and re- 
sults in field book in a written report. 



FEOBLEM 25. 

TO DETERMINE BY TRIANGULATION AND VERTICAL 

ANGLES THE HEIGHT OP AN INACCESSIBLE POINT, 

I. E., UNIVERSITY HALL SPIRE ABOVE THE 

WATER TABLE OF NORTH HALL. 

Equipment, — Tran- 
sit, level rod and tape. 
Directions, — M e a s- 
ure a base line A-B be- 
tween North and South 
Hall with its ends so 
placed that the spire 
can be seen from each. 
Then read and record 
first level readings from 
A to water table of 
North Hall, and to B 
and the H. I. at A, thus 
determining their dif- 
ferences of level. 

Second, read the hori- 
zontal angles SAB and 
S' B A. 

Third, read the ver- 
tical angles S A S' and 
S B S' with telescope 
both direct and re- 
versed. Record H. I. at both A and B, This completes the field 
work. 

Office work. — Then in the triangle B A S' compute the un- 
known sides B S' and A S'. Then the distance S S' in the right 
angle triangle S S' A, will equal A S' tan V which, if added 
to the level reading taken from A on w«AA\i\aJo>\^ ^'^^Bc^^'<5c^ 
elevation of bottom of ball of spite abo^e^N^totXaXiX^, K%^^^^ 
compute this also, using the disl?^Tice> B ^' «>»J^ N«tN(Sca^ -^.x^sg^ft ^ 
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Form of Field Notes for Problem 25. 



Sta. 
Occu. 


Sta. 
sighted. 


Ver. A. 


Dist. 


Vestical Ciscle. 


Ver. 
Comp. 


Direct. 


Rev'd. 


Ave. 




Spire. 


39" 40' 


Compute 


16^ 18' 


16" 20' 


160 19' 


Compute 






0°00' 


150 ft. 


Level 
read. 








JB 


^A 









(H.I. =4.) 




28° iF 












Spire. 


Compute 


Zl** 52' 


21° 54' 


21° 53' 


Compute 




















W.T. 






Level 
read. 














"iSOftT 










(H.I. = 4.1) 


JB 


0»00' 


Level 
read. 















Date, Oct. 20, 1900; Party Transit B. & B. 670; Time, 1 hour. 



Note. — In pointing on the spire put the horizontal wire so 
as to be tangent to the bottom of the ball, and so the vertical 
wire bisects it. In the above table W. T. is an abbreviation of 
wafer table of North Hall. 

Use only every other horizontal line in the field book. Arrange 
<;omputation in field book in a neat form using a minimum 
number of figures, and showing the check in the two determina- 
tions of the problem as afforded by the above field work. 

The filled notes begin at the bottom of the page and progress 
upward. 
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FEOBLEM 26. 

SIMPLE TRIANGULATION. 

Equipment. — Transit, two transit poles, steel tape and nine 
transit nubs. 

Directions,— Measure very carefully a base line on the E and 
W road near the University barn, about 800 feet long. Use 

standardized tape 
with proper pull, 
etc., and set perman- 
ent hubs every 100 
feet, mark the exact 
length on a tin tack. 
From the two ends 
of this base line A 
and -B, determine 
the angles to the two 
ends of the base line 
belonging to the Stu- 
dent's Trigonometric 
Survey, as shown in 
the figure as C D. 
Measure eight an- 
gles for a check 
and having adjusted 
them compute the length of the line C D, The true length of 
this line is known from direct measurements with a probable er- 
ror not exceeding jtto^o-oo of of its length. Measure the angles by 
the repeating method. See page 504 of Johnson's Surveying. 
Exercise great care in centering the instrument and targets, in 
handling the instrument and tangent screws, and in making the 
pointings and readings. 




FEOBLEM 27. 

ADJUSTMENT OP SOLAR TRANSIT. 

Equipment, — Use Fauth Transit 265 and Saegmu Her attach- 
ment or B and B Transit 670 and B and B solar attachment. 

Directions, — Having previously thoroughly adjusted the main 
transit, test the two adjustments of its solar attachment, viz.: 

I. To make the polar axis perpendicular to tbi'ei^Va.xi^ 5^VSi^^N>ssRk 
of coJJimatJoD and horizontal axis ol xji-alva. \s\^^"c.^^^» 

rz To make line of sight of tho amaW X.^Xea^crfife^^^z*^'^'^'^'^-, 
axis of its attached bubble. 



f 
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These two adjustments insure the parallelism of five lines, viz.: 
the two lines of sight, the axes of the two attached bubbles, and 
the axis of the one plate bubble (parallel to telescope); besides 
this the vernier of vertical circle should now read zero. 

Write a report of conditions found and manner of making the 
above two adjustments. 



PEOBLEM 28. 



TO DETERMINE THE AMOUNT OF THE SUN'S REFRAC- 
TION IN DELCLINATION. 

Directions.— By the method explained in the following article 
make several determinations of the refraction at several hours of 
a sunny day. Check results by computing the refraction for the 
same times using the refraction tables on the pages 48a and 48b 
of Johnson's Surveying. 

A SIMPLE WAY OF CORRECTING THE SUN'S DECLINATION FOR THE 
. EFFECT OF REFRACTION. 

Having focussed the eyepiece and object-glass of the transit so 
that a clear image of both the sun's disc and the cross- wires can 
be seen on the screen held behind the eyepiece (a piece of white 
paper held by the hand will do for a screen), set the horizontal 
circle of the transit to read some integral ten minutes and point 
on the sun by the lower motion. 

The earth's diurnal motion will carry the sun across the verti- 
cal thread of the instrument. Note the time on a watch to the 
nearest second when the sun is tangent to the vertical wire. 
Keeping the lower motion clamped, uaclamp the upper and turn 
the alidade in the direction of the sun's movement, i. e., toward 
the west, and set the vernier to read the next ten minutes. Note 
again the ,time when the sun is tangent to the vertical thread. 
Also read the vertical angle to the sun. Then if we call n the 
interval of time elapsed in seconds while the sun (really the 
earth) was passing through ten minutes of arc, and call h the 
vertical angle in degrees, the refraction d, in minutes, is given 
by the equation 

, 2000 

r?= - — . 

A. n 

Sxperieoce in using this formula has shown that its maximum 
errors will not exceed 15 " when tile awxi '\a tCt>oN^ VQ-* altitude, 
*^hiJe its average error is less than \iaM \\iVa amovmX.. Ka ^Oaa 

'action correction, as ordinarily comp\x\,e^,*\^\i«a^>a!^^ ^^^^- 
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erage conditions of temperature and barometric pressure, seldom 
exactly realized in any given case the writer has not been sur- 
prised to find that results obtained by the use of the above for- 
mula are quite as good as those obtained from the more compli- 
cated and pretentious formulas and tables. 

A still more accurate determination of the refraction can be 
made by the use of the following equation: 

N 
d = 100— , 
n 

where d and n stand for same quantities as before, and N is ob- 
tained from the following table by entering it with the measured 
altitude of the sun as an argument. 



h. 


N. 


Dif. 
for 1*. 


h. 


N. 


Dif. 
for I''. 


10« 


li^l 


9 


30'' 


36 


1.4 


15<» 


86 


5 


lO'* 


22 


0.9 


20^ 


62 


3 


50° 


13 


0.6 


2&0 


47 


2 


eo'' 


7 


0.4 


30*' 


36 




70' 


3 





The altitude of sun need only to be observed to the nearest 
half degree. Q tvi* * 

The tabulated values of N correspond to a temperature of 50® 
F. and a barometric pressure of ^ hipty - i noboo . They may_be yj 
adapted to any other temperature by dijaijaisfetng ft by one^p^/- / 
oeet. for each flV e de groa s bywhich^h61;emperat ure exceeds 50"*, 
or by increasing oBe-peyteefffrlor each fi«a-degi!«es below 50®. 

This correction and ^e correction for vajHittions of the barom- 
eter can usually be lieglected. At greax elevations, however, 
the barometric presanre becomes so mu^h reduced that its varia- 
tion must be taken/account of, an^tfiis is done by diminishing d 
by o ne p » g ooat . for each thi««e^^«ndped feejb' of elevation above 
the sea. / * A^ y^ 




^3^1^ 



b 
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PEOBLEM 29. 

TO DETERMINE THE LATITUDE OP A PLACE EITHER 

WITH AN ENGINEER'S TRANSIT OR WITH 

A SOLAR ATTACHMENT. 

Directions. — 1. With an Engineer's transit. Determine 
the refraction at a few minutes before noon, by the method used 
in Problem 28, or by use of the refraction tables, page 48a-486. 
Then bring the vertical and middle horizontal cross-wires to bi- 
sect the image of the sun received on a card board held a few 
inches back of the eye-piece. As the sun approaches the merid- 
ian, his attitude will increase, reaching a maximum at culmina- 
tion. The observer should follow, by means of the tangent 
screws, both the sun's motion in azimuth and in altitude, being 
careful to stop following when the sun turns and begins to de- 
scend. Read this maximum value of the sun's altitude (A) on the 
Tertical circle, then we have Lat. = (90-A) -|- 6', where 8' is the 
declination of the sun corrected for refraction for noon. Be 
careful to observe the sign of 5' as it may be either + or — . 

(2) B}f use of the solar attach ment, — Both the large transit and 
its solar attachment should be in perfect adjustment. In this 
as well as in the following problem it is necessary to compute 
the apparent declination of the sun from the solar ephemeris, so 
the method of doing this will be first explained. 

Look in the table of the Greenwich Solar Ephemeris against 
the date of the observation and takeout the following quantities: 

(a) The sun's apparent declination at Greenwich noon with 
its sign -h or — , meaning north and south respectively. 

ib) Find from a map the difference in longitude between the 
place of observation and Greenwich as near as one-half hour or 
73^ degrees. This is -f- when W and — when east of Greenwich. 

(c) To this difference of longitude expressed in time, add the 
time of the observation from noon, this time being + when the 
sun is west and — when east of the meridian. 

(d) Multiply the hourly change, as given by the ephemeris by 
this result in hours, noting all signs. 

(e) Add this product, regarding its sign, to the sun's apparent 
declination, as taken from the table, the result will be the sun's 
declination at the time of the observation. This process can be 
simplified in the case of Madison observations because it happens 
to be almost exactly 90° (= 6 hours) west of Greenwich, so that 
all declinations given in the Ephemeris for Greenwich noon will 

apply without correction for 6 A. M. Madison. Then the hourly 
^h'^nsre in decliaation is multiplied by tVi^ \.\m^^\i\G\\.\i'aa elapsed 
* A. M. Madison and applied as ^ coTT^c\\o\v«>a\TiVe^'?J5aw^, 
\3hingt0n Ephemeris co\i\d \i«kve> \>ft^iQ^ \>a^:\ 
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In every case use true local time and not standard time. 

In the present problem we desire the declination of the sun for 
noon on some certain day, say Nov. 1, 1900, or six hours after the 
time given in the table, the computation would be as follows: 

Sun's ap. dec. Greenwich, apparent noon (Madison, 6 A. AL) for 
Nov. 1, 1899 = S. ir 27' 26'.8. 
Hourly motion — 48"; i. e., sun is going south. 
Time of observation 6 hrs. later. 
Total amount of correction = 288' .= 4' 48 ".0. 
Ap. dec. at time of observation ==S. 14° 32' 14'. 8. 
Refraction at time of observation = -f- 20*. 0. 
Dec. to be laid off on Ver. Cir. = S. W* 31' 54*. 

This computation should be made before going into the fields 
as well as the computation of the amount of refraction at noon^ 
unless the instrumental or watch method be used for this pur- 
pose. 

Field work. — Clamp the line of coUimation of the solar tele- 
scope to lie in the same vertical plane with the line of collination 
of the larger telescope by sighting some distant point with both 
telescopes and set the larger telescope pointing south. Then set 
off the declination, corrected for refraction, on the vertical circle 
by the following rule: For a j gorth j declination j ^^.^^^^ j 

the south (object glass) end of the telescope until the vertical 
circle indicates the corrected declination. Level the solar tele- 
scope by means of its attached bubble. The instrument is now 
ready to make the observation. 

A few minutes before the sun culminates, i. e., apparent noon, 
turn the instrument into the vertical plane of observer and the 
sun, and find the sun in the solar telescope keeping its polar and 
horizontal axes clamped. This is done by moving the larger 
telescope about its horizontal axis. The sun will increase in 
altitude as he approaches the meridian. Follow him in the solar 
telescope by means of the tangent screwn on the vertical axis of 
the main transit till this maximum elevation is reached and he 
starts to descend, then read the vertical angle. Then the vertical 
angle (A) = the co-latitude (90" — Z) or A = 90° — ^. 

.-. latitude = ; = 90° — A. 

The latitude value obtained on the campus should agree within 
a minute of 43" 5'. 
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PEOBLEM 30. 

USE OF THE SOLAR ATTACHMENT IN DETERMINING 
THE DIRECTION OP THE MERIDIAN. 

Equipment,— Fdiuth. transit 265 and Saegmuller's solar at- 
tachment or B. B. 670 and B. B. solar attachment. 

Direotiona — By the method explained in Problem 29, com- 
pute the declination of the sun for the several hours of the day 
when observations are to be made. Set up transit at some cor- 
ner of Farm No. 1 or 2, and determine the refraction as in Prob- 
lem 28, add this alcfehraically to the declination and lay off this 
corrected declination on the verticle circle by the rule given in 
Problem 29. Lay off 47^-55' the co-latitude as determined by 
Problem 29, on the vertical arc on the rignt hand side of its zero, 
so that when the objective of the large telescope points south the 
polar axis of the solar telescope will now point to the north pole 
of the heavens. The instrument is now ready for the determina- 
tion proper. With the A vernier clamped at zero, turn the large 
telescope about its lower motion and the small telescope about 
its polar axis, until a position is reached, which enables the sun 
to be seen through the solar telescope, and in the center of the 
cross lines. The large telescope must now be on the meridian. 
Clamp the lower motion and the instrument is completely 
oriented. The accuracy of the determination can now be checked 
by taking the azimuth of the adjacent side of the farm whose 
true azimuth is known. (See Problems 21 and 22.) Careful 
work will give results with an error of not greater than two or 
three minutes. 

If possible make two observations P. M. and A. M. the same 
time from noon. The average of the two would eliminate the 
errors of adjustment in the instrument. 

From 8 to 10 A. M. and 2 to 4 P. M. are the most favorable 
times for doing this work. Care must be taken not to disturb 
the clamping of the horizontal axis of the solar telescope in the 
above work. 

PEOBLEM 31. 

DETERMINATION OP THE MERIDIAN BY DIRECT 
SOLAR OBSERVATION. 

Equipment.— Xny QompXeie engineer's transit. 

Directions.— This method is fully explained in Johnson^s Sur- 

ve^ing, pages 103«-103c^. It would be well to determine the 

azimuth of the same line with t\i\a mcit^io^ ^s ^«»a determined by 

Jthe precediog probJem for a check. kTT«ax%c>^^\^ xioNw^ ^\i^ ^iswir 

'^'"^'^tioD as ahowD on pages 103c-d. 
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OFFICE WORK— COMPUTATIONS. 

The following computations are to be made on such of the regu- 
lar field days as happen to be unsuited for field work. 

PEOBLEM 32. 

TO COMPUTE THE AREA OF FARM 2. 

Directions. — Distribute your azimuth error, found in prob- 
lem 22, among the various sides of the farm, then by means of 
the logarithmic traverse tables, pages 784-771 of Johnson's 
Surveying, compute the latitude and longitude differences of 
each of the courses. This work should balance with a limit of 
error not exceeding j^jf. Arrange work as shown on page 20& 
of Johnson's Surveymg and having balanced the latitude and lon- 
gitude differences by rule 3. p. 201, compute the D. M. distances 
and double areas. Keduce area to acres. Be careful to look out 
for the signs of the various quantities and apply frequent checks 
on the computation. 

PEOBLEM 33. 

TO COMPUTE THE AREA OF FARM 1, BY THE 
CO-ORDINATE METHOD. 

Directions,— First. Reduce your angular survey of Farm 1 
(as determined by problem 22), to true Azimuth by using your 
own solar determination of the meridian. Second. Compute 
the latitude and longitude differences and balance same as in 
preceding problem. Third. Compute the co-ordinates of the 
vertices referred to X and Y axes passing through station 1. 
Fourth. Compute the area by the rule given on page 210. Th& 
correct area of this farm is acres. 

PEOBLEM 34. 

PLATTING BY POLAR AND CARTESIAN 
CO-ORDINATES. 

Directions,— Fir&t. Make a neat plat of Farm 1, platting by- 
cartesian co-Ordinates on a scale of about 80 feet to an inch. 
The map should have the co-Ordinate axes drawn in red ink, and 
a neat tabulation of the various co Ordinates should appear on 
the map. Second. Make a plat of Farm 2, by polar co-Ordinates, i, 
c, by distances and bearings. Note the amount of error in closing^ 
as the error of platting only, since the farm was previoual^ h%X.- 
anced. Third. Put on the plat a p\a\Tiii«^\. \I\\Xfe \.'^YCi^^^^3?>^.^«>2^^ 
where it is, scale, by whom and N<?\i©xi «>mn«^^ ^'^^^^'^S^it 

point to show direction. The map BbiOxAd «\ao ^siss^ '^^^ vb^^k^ 

and bearing of each line, and tho totaV aT€>«^. 
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PEOBLEM 35. 

DETERMINATION OP THE CONSTANTS OF THE 
POLAR PLANIMETER. 

(1.) The circumference of the wheel. 

(2.) The zero circumference. 

(3.) The length of arm such that an area may equal 10 n, where 
n is the number of revolutions of the wheel. 

Each value of a constant should depend upon three trials. 
Write a report in the field book of your investigation, showing all 
your work upon which your values depend. Take pains to ar- 
range the computation neatly and logically. See Johnson's sur- 
veying page 149. 

PEOBLEM 36. 

USE OP THE POLAR PLANIMETER. 

Determine the area of farms 1 and 2 with the polar planimeter 
and put your results on the map in the form of a note. Put the 
computation work in the field book. Make three trials and use 
the average result. 

PEOBLEM 37. 

USE OP CO-ORDINATES. 

Compute the bearing and length of a line connecting station M 
with station D using the co-Ordinates of these points as previously 
computed. Arrange the computation in field book in neat form. 
The true bearing of this line is N. 0^—30' W, and its true length 
is 459.7 feet. The computed length and bearing should appear 
on the map. 

PE0BLEM38. . 

TO CUT OPP PROM PARM 1 ONE-HALP ITS AREA BY 
A DIVIDING LINE DRAWN PROM STATION M; AND 
TO DETERMINE THE LENGTH AND BEARING OF 
THIS DIVIDING LINE. 

Directions, — This problem is explained on page 221-3 of John- 
son *a Surveying, 
Record all computations in fte\d booV: at \xi ^\i<^^\a ^.ttached to 
£eld book. Particular care should V>ft ta^L^n \tt waa ^ ^i^Ti'swtfssj^ 
''^od logical arrangement of computatVoii. 



31 



PEOBLEM 39. 

TO CUT OFF THE 10 ACRES FROM FARM 2 ADJACENT 
TO UNIVERSITY AVE., BY A LINE DRAWN PAR- 
ALLEL TO THE LINE ^^ 2 — ^ 3, AND THUS DETER- 
MINE THE LENGTH OF THE DIVIDING LINE. AND 
THE LENGTHS OF THE REMAINING TWO ENDS 
, OF SUCH A TRACT. 

Directions. — This problem is explained on page 224-7 of John- 
son's Surveying. 

Record all computations in field book as directed in problem 38. 

PE0BLEM40. 

USE OF THE SEXTANT. 

Directions.— (a) Test the adjustments of the sextant described 
on page 111. 

(b) From station M select four well defined points — as spire of 
capitol^ court house spire, and two church spires, then measure 
the six angles between these points. Make two determinations 
for a check. Before going into the field, sufficient study should 
be given to the peculiar vernier to enable the student to under- 
stand readily how to read it. Compute the smallest reading of 
the vernier. 

(c) With an artificial horizon measure the double altitute of 
the sun. Check the results by reading the altitude of the sun at 
the same time with a transit. 

PEOBLEM 41. 
USE OF THE PLANE TABLE. 

Equipment.-— Plane table, four thumb tacks, sheet of paper, 
triangular rule and three transit poles. 

Directions. — (a) Test the adjustments of the plane table as 
described on page 118. 

(b) Make a plane table survey of Farm 1 using the distance 
B M (= 443.4 feet) as a base line. Check the position of the 
vertices C, 2>, etc., by resection. 

PEOBLEM 42. 
USE OF THE ANEROID BAROMETER. 

Equipment— Aneroidi barometer. ^ . ^ 

Dfreciiona.—By the method exp\amed oTi^^^V^'^^^^^^^^^^ 
the differences of eJevation between tiie \S.^ .>o«vie?o. xsisax^ 
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Scieoce Hall and the comers of form No. L Record the readjiT^ 
both in inches of mercury colamn and also the correspoDdiog 
(approximate) elevations from the dial, and note the discrepan- 
cies between the latter and the elevations when computed like the 
example on page 135. Read carefully the cautions to be observed 
as given on page 135, and before going into the field compare the 
aneroid with a standard mercurial barometer. 



PE0BLEM43. 
CONSTRUCTION OP THE SLIDE RULE. 

Equipment—Sheet of bristle board, triangular scale, trian- 
gles and hard pencil furnished by the student. 

The Principles Explained,— The ordinary slide-rule is a com- 
bination of two logarithmic scales. Such logarithmic scales then 
are only graphic logarithms laid off to some convenient scale; 
thus in the figure 

I 6 Scale B a Q^ a»c| 



Fm.a 



the distance o — a is made equal to the logarithm of a, and o—b 
equal to the logarithm of 6, then if the zero of scale A be placed 
at a distance from the origin of scale B equal to the graphic log- 
arithm of a, the number read off on scale B opposite the point b 
will be the product a and 6. In the same way, if the product of 
a and c be desired with the relative position of the scales un- 
changed read off opposite c the number corresponding to the 
graphic sum of their logarithms, i. e., their product. 

As the logarithm of 1 is zero the number at the origin of the scale 
is always 1 (10, 100, 1000). Then if ten Inches represents the unit of 
logarithm, the number 2 (whose logarithm is .301 + ) would be on 
the scale at a distance from the origin equal to .301 times 10 in- 
ches or 3.01 inches. The student should construct two similar 
scales showing the graphic logarithms of 1, 2, 3, etc., up to 9. 
The other common operations of the rule can then be illustrated. 

Sometime during the sophomore year each student in civil en- 
gineering will be required to purchase at least a cheap slide rule 
(cost one dollar), but he is advised to get one of the higher grade. 
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CHAPTER V— TOPOGRAPHIC SURVEYING. 



PROBLEM 44. 



TESTING THE CAPABILITIES OF A TRANSIT. 

Directions. — The best work can only be done by one who un- 
derstands thoroughly the limitations and characteristics of the 
instruments he is using. For this reason, and also for furnish- 
ing the student with proper means for making an intelligent se- 
lection of an instrument, the following tests are outlined. All 
of them should be performed by each student on the instrument 
he is using, and a full and complete report should be made in the 
note book of the conditions found. The instructor will later dis- 
cuss typical instruments with the class, thus enabling the student 
to get a fair estimate of the reliability of the different kinds of 
engineer's transits. 

Magnifyiny Power of Telescope, — This should be of such 
an amount that a barely perceptible movement of the cross-hairs 
on an object will cause a barely perceptible movement of the 
bubble mounted just beneath it. Also the relation between the 
magnifying power and the least coun t of the verniers should be such 
that the least perceptible movement of the vernier shall cause 
a movement of the cross-wire on the object to be easily noticed 
through the telescope, and vice versa, A magnifying power of 
24 diameters has been found well adapted for engineer's transits. 
To determine the magnifying power, focus the telescope on a 
distant object and point it toward the sky. Then measure with 
calix)ers and a fine scale the diameter of the pencil of white light 
emited by the eye piece i, also measure the effective diameter of 

the object glass (?, then the magnifying power equals ^. By 

i 
the effective diameter of the object glass is meant the actual 
diameter less the amount cut off by the interposition of a dia- 
phragm in the telescope tube, as is sometimes done by makers to< 
conceal defects in the objective. 

2. Chromatic Aberration. — " To test for this focus the tele- 
scope on a white disk and then move the object glass slowly in and 
out. If in the first instance a light yellow ring is seen at the 
edge of the object, and in the second a ring of purple light, the 
object glass may be considered perfect, as this proves that tb^ 
most intense colors of the priamatic s^^<5Xx>acai ^jc» ^^rrocXs^*'' 
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3. SpherU^ Aberration. — ** For this test cotct the object- 
ire with a ring of bla<^ paper thus redocnng its area one-half and 
foctw on 0ome small well defined object. Then remove the ring 
and corer that part of the objective previously left open. Now 
notice how much the object glass most be moved in or out 
for distinct vision^ Very little, if any, motion should be required 
to obtain a distinct view." 

4. Definition, — The definition of a telescope depends uix>n the 
accuracy of the curvature of the several lenses, and upon the cor- 
rect centering of the component lenses forming the objective and 
eye piece. For a test, focus upon small clear print at a distance 
of 40 feet away. It should appear as clear as when viewed by 
the naked eye when 8 or 10 inches away." 

As a test of the centering, place a disc of white paper one- 
eighth of an inch in diameter in the middle of a piece of black 
paper and both at a distance of 30 feet away. Then if the image ^ 
of the disc when a little out of focus, is equally surrounded by a 
uniform haze the centering is good. 

Other things being equal, the lower the magnifying power the,- 
better the definition. 

5. i'Va^ne** o/ -Fie^cZ.--**This depends largely upon the sphe- 
ricity of the eyepiece. For a test draw a heavy-lined square with 
India ink and 8 inches on a side. Place the object at such a dis- 
tance that the square shall nearly fill the field, and focus the. 
telescope on it. If the sides appear perfectly straight the field! 
must be fiat. This quality is especially necessary in stadia meas-l 
uromonts." [ 

G. Illumination, — The brightness of an object as seen throughi 
a telescope depends upon (1) the size of the objective, (2) the pels 
ish and transparence of the lenses, (3) the magnifying power o^ 
the telescope. 



N 
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PROBLEM 45. 



TESTING THE SENSITIVENESS OF THE TRANSIT 
BUBBLE TUBES. 

There are two methods of determining the angular value of one 
division of the bubble. One method was suggested in Problem 
20; the other method is by use of a level trier like that shown in 
the figure. The latter method should be used in the present 
problem. 



^ ^^^L 




Fig. 10. 

The construction of the level trier is clearly shown by the cut, 
Fig. 10. One end of an iron lever, 17.9 inches long, rests upon 
two points A and B, while the other end rests upon the point of a 
micrometer screw C, carrying a disc divided into 100 parts, which 
serves to raise or lower the lever. The pitch of the screw is ^ of 
an inch, so that the divisions on the vertical scale D must be ^^ 
of an inch, thus measuring the amount which the lever has been 
raised for each complete turn of the screw. The angular move- 
ment of the lever may now be computed. 

^xamp^e.— Suppose the length of arm 17.9 in., the pitch of 
the screw one-sixtieth of an inch and the disc to be divided into 
100 parts. Through how many seconds of arc will the bar move 
when the micrometer screw is changed 30 divisions? 

There are 206,265 seconds in the arc whose length is equal the 
radius. 

Let X = the number of seconds required; then we have 



206,265 n.tf 
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If we wish to know the radius of curvature of a level, it is nec- 
essary to measure the run of the bubble when the level has been 
changed a certain amount in arc, and then solve as follows: 

Example. — Observed run of bubble for 30 seconds change in 
arc is found to be one inch. Find radius of curvature of level. 

Let r ■= radius required: 

r 206, 265 seconds „^^ ^ . i_ 

f^ — 7- = — 4ri A = 6875.5 inches, = 572.96 ft. 

1 mch 30 seconds 



METHOD OF MAKING TESTS. 

The level to be tested is placed in the wyes on the bar, which 
is raised or lowered till the bubble is at one end of the scale, or, 
if the level has no scale, up to the point which will be the limit 
of the run of the bubble in practice. The micrometer disc is then 
turned over equal spaces and careful notes of the run of the bub- 
ble are then taken. Having moved the bubble over its course it 
should be moved in the opposite direction in the same manner 
and the whole operation be repeated several times and, with very 
sensitive levels, at differing temperatures, to ensure accuracy in 
the results. 

The mean value of all the observations may then be determined 
and the value of one division of the levels expressed in min- 
utes or seconds of arc, as the case may be. By this same pro- 
cess we may find, as already shown, the radius of curvature to 
which the interior surface of the glass tube has been ground. 

For spirit levels having no scale graduated on the tube the ger- 
man silver scale graduated to 20ths of inches and attached to the 
apparatus is to be used as shown in the cut. For testing the 
levels of an Engineer's Instrument as already indicated it is not 
necessary to remove them, but the instrument entire can be 
placed directly on the Trier. 

The instrument should then be leveled by its leveling screws, 

and the level to be examined should bo brought parallel to the 

center line of the bar by the use of the tangent screws. (This 

saves much unnecessary wear on the fine micrometer screw.) This 

done, proceed in the same manner as explained for the unmounted 

spirit level. If we have the case of a wye level bubble that needs 

examination, the telescope and level tube may be removed from 

the wyes of the Instrument and placed on the wyes of the Trier, 

as shown in the cut. The forked arrangement at the pivotal end 

which can be clamped at any convenient place on the projecting 

rod, will tend to steady the telescope and prevent it from falling 

while the level ia being tested. 

As already indicated above, a \eve\ aViovA^ V«> \.^^\ft^\sst^«s^ 

backward, and, in case of very &u^ apVtVX. \^Nfe\^>«vxOQ.^a«» 
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used for measuriDg angles, this should be repeated a number of 
times so as to get a considerable number of observations from 
which to deduce the mean value of one division in seconds of arc. 
In case of a level provided with an air chamber reading to single 
seconds of arc as a rule, it will be found necessary in making the 
test to keep the bubble of a constant length (a good length is 
two-fifths the length of the tube, excluding that of -the air 
chamber). 

Specimen sets of observations made upon levels such as are 
used in engineer's wye levels are given below. 



N&mber 

of 
trials. 


Miero- 
meter 


I^VEL Scale 
Heading 3,* 


DOTEBEWCES. 


Length 

or 
bubble. 


A Eud. 


BEiid. 


A End, 


BEna. 


1 
2 

i 

6 
1 
8 


1 
17 
27 
37 
41 
57 
fl7 
77 , 


98 

las 

3:^.0 
SI. 5 


5t.8 
47, a 
42.7 
38 5 
'MA 
30.0 

21.0 


4.4 

4.5 
4.Q 
4,fi 

4.4 


4.6 
4 5 
4.2 
4.1 
4 4 
4.3 
4.7 


are 
ei.4 

m 2 

61.5 
61.4 
61,5 

61.2 


8 

I 

i 

a 

1 


77 1 
67 
^7 
47 
37 
27 
17 
7 


40 
:».& 
31.1 

2a.s 

18.3 
14.0 
9.[* 


JHB 
47.1 

hi. 5 


4,» 
4.4 
4.4 
4.4 
4 1 
4.2 
4,& 


4.3 
4.1 
4.4 
4.2 
4.0 
4.3 
4.4 


61.3 
Sl.O 
61.3 
6L3 
61,1 
61.0 
61.1 
61.0 


€(l.§ 


01.1 



Mean value of differences, 4.36 20ths. of an inch. 

♦ Level scale is j?raduated to 20th of an inch, reading right and left from 
zero at the center. 



Ten divisions of micrometer screw correspond to 19.2 seconds 

19 2 
of arc, therefore one division of scale = — ^ = 4.4 seconds and 

4.36 
one division on bubble tube (tenths of an inch) = 8.8 seconds. 
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PROBLEM 46. 



A SUBDIVISIONAL SURVEY AND MAP OF PART OF 
THE UNIVERSITY CAMPUS. 

Equipment. — Transit, two dozen or more small wooden stakes 
and as many tin tacks, small ax, transit pole^ set of marking pins 
and a standardized steel tape. 

Directions,— The field work of this problem includes the accu- 
rate setting of the stakes necessary to locate two city blocks of 
lots and the making of all the measurements, linear and angular, 
required by chapter 101 of the Revised Statutes of the State of 
Wisconsin. This chapter should be studied before going into the 
field, as well as while preparing the map. A convenient place 
would be either on University Ave. between Brooks and Charter 
Sts., or on the lake shore north of the Washburn Observatory. 
If the latter place be selected, it may be well to introduce the arc 
of a circle into the boundary of the lots, in order that the lots may 
be of the same length and still all have equal frontage on the lake. 
Precautions should be taken in the use of the tape to insure an 
accuracy of 1 in 10,000 in the measurements. All angles should 
be repeated four times. Wherever possible the survey should be 
*' tied on " to either a section corner or some block corner. 

The office work consists in the preparation of a plat, on a scale 
of 1 inch equals 50 feet, of the above field notes and including a 
neat title giving, (a) the name of the Subdivision, ib) where it is 
located, including section, township, range, city, county and 
state, (c) scale, (d) by w^hom surveyed, (e) the date. 

The legal certificate of the surveyor, the owner and the notary 
public should also be inscribed. Models and forms will be found 
in Appendix H or on the various plats belonging to the depart- 
ment. 

PROBLEM 47. 

TO DETERMINE THE WIRE INTERVAL AND OTHER 
CONSTANTS OF AN ENGINEER'S TRANSIT. 

Equipment,— Transit, stadia rod, and pocket-tape. 
Directions. — On the base line described in Problem 26, set up 
the transit /-he (feet as determined by the following method), 
back of the end of same. Focus the object gl^ss of the transit 
on a distant object and then, with pocket- tape measure the dis- 
tance from the center of object glass to the cross- wires; this 
gives the focal length,/, of the objective. Measure also the dis- 
tance from the center of the objective to the center of the hori- 
zoDtal axiSf thus getting the constant c, 
Tlie rod man shouid now hold the stadi^L xod V'''^^^''»^v?vi«i 
into standard units) at everv 100 foot \i\x\> *\\x aueceesstfycL^^XsSft 
*a transit man records the 'rod reading mcVvid^d >Dfe'tsRWii ^iJaa 
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upper and lower wires, as well as the lower and upper half inter- 
val readings corresponding to such distances. A rod level will 
aid the rod man in holding the stadia rod vertical. These^eadings 
should be repeated several times and on several days so that both 
afternoon and morning hours may be represented in the resulting 
data. If in addition to the above work two or more stakes be 
driven in line on either side of each hub and their distance 
away recorded by the rodman, and if the latter holds on all 
three of such points and records the order, it will have a tendency 
to make the stadia readings more independent and reliable, be- 
cause the transit man can not know in advance what the true 
amount of his reading should be. 

These readings should be taken between the limits of 200 and 
1,200 feet, each member of the party acting as observer half the 
time, and recording all of the observations. taken by the party. 

In addition, the observer, the transit, date, time of day, and 
kind of weather should be recorded. The following is a conven- 
ient form of record: 

/=0™.25 
c=0"'.13 
Prob. 45 — Interval Determination, B. & B. No. 670. 



Oba'r. 


True 
Dis- 
tance. 


Rod Readings of 


Computed. 




Full 
Inter- 
val. 


Lower 
half. 


^Sff' 


Full 
Inter- 
val. 


Lower 
half In- 
terval. 


Upper 
halfln- 
terval. 


Remarks. 


Wilson 
Wilson 


60.96 m 
(200 ft.) 

91.44 m 

(300) 


0.306 


.154 


.152 


99.60 


198.35 


231.08 


Party .... 








May 1,1900. 


WUson 


121.92 ra 
(400) 















Partly 
cloudy. 


Wilson 
etc. 


152.4 m 

(500) 












Rod, 
metric. 


etc. 


etc. 


etc. 


etc. 


etc. 


etc. 


etc. 










Ave.... 



















Then from the stadia formula we have 
D = K, S 
where D is the known distance in column two, S the corres- 
ponding rod reading in the following three columns, and K the 
constant or interval to be determine, Txw:iS'^YCi% ^^\ia:^^N 
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The oflice work consists in sabstitnting in this equation the 
corresponding observed Talnes of S and Z>, thus securing as 
many determinations of ^ as there are soch observation equa- 
tions. If some of these valoes shoald differ radically from the 
others it would indicate either a blander in observing the rod or 
in the subsequent computation. If it should be found that the 
former cause was responsible, the result should be disregarded 
in getting the final or average value of the wire interval. Great 
care must be exercised in this rejection of data and the advice of 
the instructor had best be taken. A systematic difference in the 
values may be expected between afternoon and forenoon observa- 
tions or even between observations made at the same hour of dif- 
ferent days. The important result obtained by taking an aver- 
age interval value is that it represents average conditions and 
therefore will not tend to produce systematic errors into a sea- 
son's work. 

The rod may be read with greater ease, especially on long 
sights, if the sun be allowed to fall upon its face. In the case of 
the metric rods they should be read to tenths of the smallest 
graduations (which are centimeters) or to millimeters. 



FEOBLEM 48. 

PREPARATION OF A STADIA INTERVAL TABLE. 

Directions. — Having found an average wire interval, the next 
step is to construct a table from it, so that the stadia readings 
may be quickly changed to true stadia, i. e., what the rod read- 
ings would have been if the interval had been 100. Such a table 
would be made as follows: from the adopted interval, compute 
the distance for each stadia reading given in the column below 
marked stadia and having added/ -4- c to each of such com- 
puted distances, place the sums in the second column opposite 
the proper stadia reading: / 4- c should not be added to read- 
ings of less than 0.1. Thus with an interval factor, iT, = 101.80, 
and /' -I- c =0»'.32, the distance corresponding to a stadia read- 
ing '0"'.l would be 10.18 -|- 32 = 10.80. Remembering that 
{leaving out the/-f c), the distances are proportionate to the 
stadia readings, the work of computing the table can easily be 
dono in an hour's time. 

It is aHsumed in this explanation that the interval was deter- 
mined by measuring a base line whose zero was /-h c in front 
of the ccmtor line of transit as explained on page 242. If the 
anro of the base line coincides with the center line of transit 
^h line) the construction of the table would be just the same 
t thoro would bo no/ -f c additions to the column headed 



41 



Stadia Reduction Table. 
/ + c = 0™.32. K = 104.80. 



Stadia 
reading. 


Distance. 


Stadia 
reading. 

0.2 


Distance. 


.001 


.10 


21 28 


.002 


.tJl 


.3 


31.76 


.003 


.31 


.4 


42.24 


.004 


.42 


.5 


52.72 


.005 


.52 


.6 


63.20 


.006 


.63 


.7 


73.68 


.007 


.73 


.8 


84.16 


.008 


.84 


.9 


94.64 


.009 


.94 


1.0 


105.12 


.01 


1.05 


11 


115 60 


.02 


2.10 


1.2 


126 08 


.03 


3 14 


1.3 


i:«.56 


.04 


4.19 


1.4 


147.04 


.05 


5.24 


1.5 


157 52 


.06 


6 29 


1.6 


168.00 


.07 


7.34 


1.7 


178.48 


.08 


8.38" 


1.8 


188.96 


.09 


9.43 


1.9 


199.44 


.10 


10.80 


2.0 


209. 9 J 






Etc. 


Etc. 







PROBLEM 49. 

SKETCHING TOPOGRAPHY. 

Equipment, — The plats of farms 1 and 2, a small plane table 
without alidade, 4-H pencil and eraser. 

Directions, — Transfer from the level notes to the plats the ele- 
vations of the various U. W. B. Ms. and corners of the farms. 
With only these data as a guide, draw a sketch map of the Upper 
Campus, using ten foot contours. As this is not an easy task for 
an experienced topographer, the beginner must expect many mis- 
takes and should not hesitate to freely use his eraser and his legs, 
the former to correct, and the latter to secure, his impressions. 
Estimate slopes and interpolate contours between B Ms. All 
buildings and roads should be shown on the map in as near their 
true relative position as the judgment of the topographer may de- 
termine. After the map is completed in pencil, it should be com- 
pared in detail with a correct topographic map of the same area, 
furnished by the instructor, and the errors of the sketch carefully 
noted. It is not expected that the sketch will be exact at any 
place, but if care be taken it should not be radically wrong at 
any place. The benefit of the exercise lies in the education of 
the judgment to discover and truthfully interpret by means ot 
contours the face of nature. 
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PROBLEM 50. 



THE USE OP THE STADIA METHOD TO DETERMINE 
THE A' Y AND Z CO-ORDINATES OP POINTS. 

IJqul2:>ment.— Complete Engineer's Transit, sts^ia rod, and 
pocket steel tape (latter furnished by the student). 

Directions, — Set up the transit at any corner of farm number 
one and orient it by making the plates read the proper azimuth 
when pointing to either of the adjacent corners. The proper 
azimuth was determined in problem 23. 1st. Measure and record 
the H. I. or the distance of the horizontal axis above the station 
occupied. 2nd, Read the stadia rod when held vertically on the 
adjacent station. Ordinarily this can be done most easily by 
putting the lower wire of the transit at the center of the first 
unit, i. e., first meter or foot, and then reading the position of the 
upper wire. This last reading, minus unity, is the stadia inter- 
cept for that particular distance. Third, by means of the tangent 
screw, attached to the horizontal axis, put the middle cross-wire 
at that point on the rod equal to the H. I. already recorded in (1) 
and then read the vertical angle being sure to get the nearest 
minute, using a magnifier if necessary. For a check on this last 
operation, as well as for the purpose of eliminating the index 
error of the vertical circle, read the s?ime vertical angle to the 
same point with the telescope inverted. [Of course this can 
be done only with a complete vertical circle.] Record the aver- 
age vertical angle. At the first point occupied, take similar read- 
ings to the other adjacent station, recording the azimuth, the sta- 
dia rod reading, and the true vertical angle, being careful to note 
whether the letter is -|- or — , i. e., in elevation above or in depres- 
sion below the horizontal plane. The instrument should now be 
taken forward to the station just sighted, the H. I. recorded, the 
instrument oriented on the station just left as in problem 23, and 
the statia rod and vertical angle read on both this back sight and 
the next fore-sight as outlinwi above. This will give duplicate 
measurements both of the true horizontal distances between the 
stations as well as the duplicate determinations of their differ^ 
ence of elevation. 

The following form for recording field notes may be used, be- 
ginning the entries at the bottom of the page, and using only 
every other line. 
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Field Notes for Problem 50. 



Station 
occupied' 


'd 


1 


1 


% . 
«.2 

11 

75.7 
(74.93) 
57 7 


Vortical 
angle. 


if 

11 


■1 

> 


Remarks. 
Date. 


H.I. lm.40 


^A 


48-20 
228-20 


0.75 


0.50D 
0°-50 E 


1.08 


231.59 








Party. -| 
I 
Instrument. 




^B 


0.75 


l.OM 


282.67 








883 


(89.1) 




279.36 


^ A 


z^M 


264-44 


89.3 
C88.80, 
8S.0 
"(98.82) 
110.2 


2«»-44' D 
2«-44' E 
6«.U' D 


4.23 


H.I.=l'n.49 














^A 


84-44 


0.88 


4.23 


281.59 


Time. 






10.79 






A M 


Al 


228-23 


1.09 


261.57 


Azimuth error. 



H.I.=lni.51. 



Elevation of z^ M = 279™. 36. 



Only the 1st, 2d, 3rd, 4th, 6th and 9th columns are used in the 
field, the remainder being used for recording the office computa- 
tions as explained later. The student is cautioned that in this 
field work he has many things to keep well before him, a single 
misstep being sufficient to destroy the accuracy of the entire 
problem. The errors most commonly made are reading the 
wrong vernier, using the wrong point in the venier for a zero, 
using the right venier but reading it the wrong direction and 
other similar large errors. 

The office work connected with this problem consists first, of 
reducing the observed stadia readings to corrected stadia read- 
ings, viz., what the rod readings would have been if the wire in- 
terval of the transit had been 100. This requires the use of a 
stadia reduction table which the student is supposed to have 
already constructed in Problem 48. The method of using this 
table is fully explained it art. 200a, page 214, of Johnson's Survey- 
ing and need not be repeated here. The corrected stadia read- 
ings should be recorded in the column by same name. The sec- 
ond step consists of finding the true horizowtaA. ^\i^ N^V^Ss^^iiL ^^\s^- 
ponents at each corrected stadia readVn^. ^>D\a xqk:^ ^^i^ ^'^'?^^S2ck 
the use of the Winslow Tables, page T\1\ \)ci>aa>^o "^S^Xt^^V 
horizontal and vertical component ol\.10^a^VNi?Q-«^^^^^'^^^ 
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6* U R, look in column of tables headed 6"*. then opposite 1:1 take 
out the quantities 96. S2 and 10.79. the former bein^ the true 
horizontal component and the latter the true vertical component 
of If/Ti uniU at thifl angle. These quantities shoald be multiplied 
by the distance 110.2 and the decimal point removed two places 
to the left for an obvious reason. If the elevation of Station M 
be ler16.*7i feet = '279.36 metersj compute the absolute elevations 
of the several comers and after comparing vour results with those 
obtained by spirit leveling i Problem 13), record final elevations 
in the proper columns of field notes. Also compare your hori- 
z^>ntal difttances with those obtained by the tape or chain. 

NV/FR: The figures in the column marked Elevation refer to the 
elevation of the station opposite in the second column. 



FBOBLEK 51. 

A TOPrX>RAPHIC SUR\TEY OF A PART OF THE 
UNIVERSITY CAMPUS. 

/'Jr/uipmenL—SsLxne as in Problem 50. 

/jlrer-Monff.— This problem should not be attempted until after 
flniHhing Problem ijO, because the latter work is introductory to 
thft fiMjHent problem. The additional features of the present 
firoblf;m conMHt in (a), the determination of a large number of 
**Hidf; Hhots'* from each turning point occupied by the transit, 
Hufllfjient in fact to determine the shape of the ground, within the 
limitH of accuracy sought, and also sufficient to locate all build- 
ingH, rr^arls, drives, fences, sidewalks, lake shores, etc.; and (6), the 
frtui hand sketching of this detail culture on the right hand side 
of tlu; page. This sketch should call forth the student's best 
(ifTort, for Huch work forms a very important part of the work of 
iivi'ry tdpographer, since it is of nearly equal use with the field 
not<'H in (;orii piling the map, the final object of the entire survey. 
It will h(! found best to draw on a single page a sketch referring 
tr) Hovoral pa^oH of notes rather than to have a detached sketch 
on I'Mch right hand page for the notes opposite. This sketch 
Hhonld b(i (Irawn to sonio scale, say the width of one line about 
> I inch, ('(jual to 25 or 50 meters and the direction of the red line 
on \\w Hk(^t('}i pago from top to bottom taken as the North and 
Hoiith lino of roforonco. The azimuths may be estimated with 
HntVn'iont oxac^tnoss. The sketch should show (a), the location of 
f'vor.v important Hide shot, it being indicated by a dot and its 
ntinihvr, (/?), i>vory ton-foot contour, being careful not to attempt 
tfnirnw tuorr thnn the immediate \\cvn\\.^ ol \3ti^ «Ji»tclier and 
"'fnt/ru/ ofnihor UiuXh ^iven in Prob\em\^, Vc^^^^ v^^it^ixssaKfc 
idon (ffromltf, walks, buildinRS, etc. 
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The azimuth of side shots need only be recorded to the near- 
est quarter degree. In reading the vertical angle, whenever pos- 
sible put the middle crosswire at a distance from the bottom of 
the Todi equal to the height of the instrument above the station 
then being occupied. Sometimes the interposition of shrubbery, 
etc., makes it impossible to see the rod at this particular point. 
In such a case read the rod at some even unit and record with 
the vertical angle what this unit is. At first do not try to work 
very fast, else errors and omissions will follow. Some time may 
be gained by signaling the rodman '* all right '' as soon as the rod 
is read and the horizontal wire put at proper point on the rod. 
While he is going to the next place the topographer can read the 
azimuth and vertical angle, and not feel hurried by the fact that 
he is delaying the work. 

The proper selection of the points is a difficult task, and per- 
haps nothing but experience can guide. In a general way it may 
be said that they should be so chosen as to give the highest and 
lowest points, and in addition such other points, as to locate all 
irregularities of the terrene, as can be shown on the scale of the 
map which will follow the survey. Hence it is, that this scale 
should be known in advance of the field work. The fundamental 
thought which should be ever present in the topographer's mind 
is the simple proposition that three points determine a plane, and 
that by locating the terrene by points only, he conceives it to be 
made up of planes, being careful to take his located points suffi- 
ciently close so that when connected by planes they shall coincide 
with the surface, within a limit of about one-half a contour. If 
this be done and a good sketch drawn, the errors of the office 
map will be much less than the limit stated above. The sketch- 
ing of the points taken, should follow the recording of their co- 
ordinates, or if this be not done at once, the position may be held 
in memory by a descriptive word opposite in remarks column. 
Having taken and sketched all the topography at the first turn- 
ing point, which should either be the corner of one of the **U. W. 
Farms " or connected to it by a traverse, a turning point is taken 
in the direction of the area assigned, then occupied, the instru- 
ment oriented by backsight, and finally the topography adjacent 
taken as before. The turning points should be so chosen as to 
form a circuit, whereby the closing error in azimuth may be de- 
termined. If, after orienting the instrument at each station, the 
telescox)e be pointed to an azimuth of 180", i. e., North, and the 
needle be allowed to settle in the magnetic meridian, it should 
read the magnetic declination. If it does not do this, either a 
mistake has been made in setting the vernier, or else there is a 
local attraction. The latter are rare in this vicinity^ exceiat ^hes:^ 
induced by electric currents, so tla.\a o\i^«t^«k\Saxi. ^s^^ovi^ -^^^j^^k:^^ 
be taken and recorded. It gives coxAdeu^^ \ft \Jaft "^^^"^^ ^ ^^ 
aa error in azimuth of greater than leii mvQXjL\ft»\i«^ 1o>q».^>«^^^^ 
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by the ueedle or by the closure, the traverse should be rerun 
until the error is found. In general, the traverse line should be 
made to run along the top of the ridge where sights may be taken 
in the bottom on both sides. The stations should be selected so 
as to keep as near on a level or minimum grade, as under these 
circumstances the errors in elevation will be a minimum. 

Before beginning the mapping the following office work must 
be done. First, the stadia readings are all to be corrected by the use 
of the stadia interval table belonging to the transit. Second, 
the traverse should be balanced on the usual blanks. Third, the 
co-ordinates of the turning points should be computed. Fourth, 
the closing errors in elevation of the circuit should be distrib- 
uted, and then the elevation of all the side shots made to de- 
pend upon these corrected values. The turning points may now 
be platted by their co-ordinates and a north and south line being 
drawn through each. The side shots should be platted by means 
of paper or metal protractors, the number and elevation of each 

209 
being noted in pencil thus — — ., the decimal point being the 

exact point. With these data on the map, and the field sketch 
before him the topographer will draw in the contours at five foot 
intervals. Much care and study should be given to this really 
expert work, otherwise much of the accuracy of the survey may 
be sacrificed. The student will find on page 276 and 277 of John- 
son's some of the fundamental principles underlying contouring 
and which he should study carefully. Then follow the culture 
details of roads, buildings, etc.; finally it is inked in using the 
curved pen for the contours. A neat descriptive title, north 
point and border complete the map, which should then be traced 
on tracing cloth furnished by the department. 

PROBLEM 52. 

HYDROGRAPHIC SURVEYING. 

Equipment. — Transit and stadia rod, the department row- 
boat and a sounding apparatus. 

Directions.— A party for this work includes a transitman, who 
is also chief of party, a stadia man with rod in the boat, a leads- 
man, and at least one boatman. The work consists of locating 
soundings in the lake along lines normal to the shore at a dis- 
tance of about 50 meters apart. Such normal lines should be run 
at intervals of about 150 meters. The manner of work is as fol- 
lows: heffinnmg opposite the transitman on the shore and in 
about 5 feet of water a sounding m^y be \xi«A^ '^\th. tbe stadia 
^od, which is then held opposite the soMii^\ti^^^\.^^Vji^^««k^ 
^' ' 'itrument man who also reads th^ «a.W\xX\i- ^\xft\iQ»X 
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then bears away on the normal to the shore until about 50 meters 
farther, when a sounding is made by the lead and the rod held 
immediately after, in order that it may be located by the instru- 
ment man. The oarsman should take pains to keep the boat 
stationary until he sees the transit man's signal of ** all right." 
At this moment the time of the sounding is recorded both by the 
leadsman and by the transitman (the watches having been prev- 
iously compared). As an additional security against confusion 
of notes, each line should be given a letter, and each sounding 
a number, by both the land and water parties. By proper signals 
the transitman can keep the boat reasonably near on line. If 
any unusual formation should be discovered by the sounding, as 
a shoal, the leadsman must use his judgment regarding the posi- 
tion and frequency of his soundings. He should endeavor to get 
the deepest water between the shoal and the shore, the shoalest 
water on the shoal and such other soundings as, when platted, 
will develop its size and position. If only a gradual slope be 
found, the transitman will signal when the boat is about 600 
meters away, for them to turn at right angles to the line just run 
and run parallel to the shore 150meters to the line on which they 
are to return. An experienced oarsman can guess this by count- 
ing his strokes, or the proper position can be determined by the 
transitman's reading the rod and azimuth. The boat is now 
sighted to the proper point on shore, previously determined by 
the chief, and the same routine followed as before. When shore 
is reached, the transitman may desire a turning point ahead, 
which is then occupied and the whole return trip repeated. In 
case the soundings are on a river, they would be taken much 
more frequently and many transverse lines could be run before a 
new turning point would be necessary. At least twice a day the 
leadsman's notes should be copied into the transitman's notes. 
The sounding line should be compared (at the tension used in the 
water) daily with a standard of length, and the soundings cor- 
rected at night. 

In the present problem a length of two blocks will be sufficient 
to illustrate the method. 

The writer has recently used the above method in the survey 
of sixty of Wisconsin's most famous lakes and finds it the most 
economical of all methods for lakes of less than one mile in width. 
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PEOBLEM 53. 

RATING A CURRENT-METER. 

Equipment,— Either the Ritchie Haskell direction Current- 
meter or the B. & B.Ellis Current-meter together with its mount- 
ings for the boat, the department row boat, three or four batteries 
and connections, stop watch and register. 

Directiona.— Stretch the cable from the end of the University 
boathouse to the Raymer buoy, having previously marked every 
50 feet of it by a steel tape. The party need consist of but two 
or three persons, a recorder in charge of the party and one or two 
men to pull the boat along the base line, the former being at the 
stern with his registering apparatus, the latter in the middle and 
bow. Before beginning the test, be sure that the apparatus is 
working uniformly and that all electric connections are made. 
The boatmen should understand that the success of the experi- 
ment consists largely in their keeping the boat at a uniform speed 
from beginning to end of the base. After a little practice this 
will not be difficult. Then start the boat say 30 feet from the 
zero of the base line, so that the regular speed will have been ac- 
quired before reaching the base line. At the moment the end of 
the bow reaches the zero of the base, a sharp ** ready " should be 
called out by the adjacent boatman. The recorder, having pre- 
viously recorded the reading of the register, immediately on hear- 
ing this signal, starts his stop watch and register apparatus by a 
single pressure. His duty then is to see that the register works 
continuously until the end of the base line is reached. 

At the moment this is done, the boatman gives the same signal 
as before and the recorder at the same instant shuts off the cur- 
rent and stop watch (one motion does both). He then reads and 
records (a), the time used in going the length of the base line and 
(6), the present register number. The difference between the 
initial and final register numbers would of course be the total 
number of revolutions of the wheel. The length of base line, di- 
vided by the number of seconds used in traveling that distance, 
gives the true velocity of the boat. The number of revolutions 
of the wheel divided by the time, gives the rate of motion of the 
wheel. The ratio of the velocity of boat to the rate of motion 
of the wheel is the coefficient by which the registrations of the 
meter are changed into the velocity of the water. This ratio is 
not a constant, but is usually a linear function of the velocity. 
See equation (1) y^=ax-\-h and explanation pages 318-319. j 
There being only two quantities to be determined a and 6, only 
two observation equations are thoretically necessary, but in order 
to elimiDate observation errors, etc., VV. \xaa \>?»\i lownd wise in 
"^ctiee to make a considerable numbex ol ^^XstxjiYCi^.NKOTk^QrcL'^ 
line, one group of say &v© obs©TN«X»VoTi^\i^v[i%^\.Vs^'» ^sA 
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another similar group at high velocities. The results will prove 
quite instructive to the student, if some additional observations 
be interpolated, some at the minimum speed which will produce 
a revolution of the wheel, and others intermediate up to the max- 
imum speed conveniently attainable. 
A convenient form for keeping the field notes is the following: 

Field Notes of Problem 53. 
Date Name of Instrument. Length of Base Line. 



No. 
of the 
experi- 
ment. 


No. of 
seconds. 


Registeb. 


No. 
of revo- 
lutions. 


Dis- 
tance. 




Begin. 


End. 


1 

2 

8 

Etc. 


42 
43 
42 


741 
775 

810 


775 
810 

844^ 


34 
35 
34 


100 ft. 


Party. 

Wheel 4 feet in 
front of boat and 
2 feet under the 
surface of the 
water. 



Care must be taken not to rock the boat, and especially are 
students warned against allowing the meter to come in contact 
with anything. Because of its extreme delicacy the Ellis wheel 
might be easily injured. The Ritchie Haskell wheel is more sub- 
stantial, but is not intended to be used as a jprojectile. The chief 
of party must see to it that no risks are undertaken. The 
rating should be attempted only in quiet weather. 

Of the two methods, graphical and analytical, of solving the 
observation equations, the latter is generally regarded the more 
accurate, and if the method given below be followed, will be 
even shorter than the graphical method. Before beginning the 
solution it would be well to plat the field notes just as taken, the 
revolutions of the wheel in going 100 feet as ordinates, and the 
time in seconds corresponding, as abscissas. If any observations 
are untrustworthy, the curve will show the fact by the observa- 
tion falling off of the smooth line. 
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A TZ'pid method * of makiog the analytical solution is the 
following: 

Let V = Velocity in feet per second. 

r = The number of revolutions of the meter. 
Ji = The number of revolutions of the meter in passing at 

an even velocity through 100 feet of still water. 
T = Number of seconds occupied in passing the meter 
through 100 feet of still water at a velocity corre- 
sponding to i? revolutions of the meter. 
t = Number of seconds per 100 revolutions of meter, 
c := The lowest velocity that will revolve the meter. 

Then from the theory of the instrument 

r 00 (F—c) (1) 

This placed in the form of an equation is 

r = A{V—c) (2) 

Putting -4 = - » a more convenient form 

Transposing we get 

V=^ar + c (4) 

Equation (4) is an equation of a straight line, hence platting 
the velocities as ordinates and the corresponding revolutions as 
abscissas the result will be a straight line. This is the usual 
method, but some computation may be saved by getting the equa- 
tion in a different form, thus 



N 



60 E „ 100 



Substituting these values of r and V in equation (4) we obtaiB 

Now take the field notes around two velocities, separated as 

far as practicable from each other, as for example five trials with 

A velocity of about 5 feet per second and five trials with a velocity ol 

about 1^ feet per second . ComDuXe Wie ^Ne^x^v.^^ T and B of eaek 

set separately, and substitute each ae^t m ^c^vx^XXoxi ^^^ ^sA f 



*NoTK.-. This method was devised bv ^.^. Ka^t.^\x^x. k-^.^^^^nSSu 
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the resulting two equations, solve for the quantities a and c. 
Now substitute for r in equation (4) its value, 

?1L?, and we have V = ^' ^' ^ + c .... (6). 

R 100 
Also since -^ = __ , if substituted in equation (6) 

wehaveV = ^-^°-^"Q + c....(7), 

Which is the equation sought in terms of the velocity and num- 
ber of seconds per 100 revolutions; from it a table should be pre- 
pared by each party, on suitable blanks furnished by the depart- 
ment, giving the velocity as a function of the time taken for mak- 
ing 100 revolutions. These tables will be used in the field work 
of problem 54 and also in the two week field course in topogra- 
phy at the close of the year. 



PEOBLEM 54. 

TO MEASURE THE WATER FLOWING IN THE 
YAHARA RIVER. 

Equipment. — The Ellis current-meter mounted on a rod, stop 
watch, three batteries and their connections, register, record book, 
and, if the water be cold, a pair of rubber boots. 

Direotions.— Take the apparatus to the dam at the outlet of 
Lake Mendota near Sherman Ave. Just below the dam a place 
will be found where the water is confined between narrow banks 
and where it is sufficiently deep and swift to make the observa- 
tions reliable. Stretch a piece of timber across at this point so 
as to be above the surface of the water and mark on it plainly at 
every foot for observing stations. Read and record the gauge in 
the lake above or on the automatic tidal gauge at the University 
boat house. Clear the gauging section of all stones so as to make 
it as even as possible, and then with a level rod take and record 
a sounding at every lineal foot so that the cross section may be 
accurately known. The wires should be long enough to allow 
of the batteries, etc., being left on shore. The observer now puts 
the meter at the mid depth and is ready for an observation. Noting 
that the watch is at zero he takes the reading of the register and 
records it, the current is then turned on iox QKi ^^^wA^^V'^^Sic^^ 
electric current is turned off and l\ie Tft?;\a\.et T<b^^ -^wmjCv^. '^^n?^^ 
operation gives one determination ot ^>tie> n^\oca\,^ ^^. '^^J^^^^^ 
then the meter is moved one atalVoTi laiX^ex «iio. xx^^ ^v« 



62 

repeated until the farther shore is reached. As a check it would 
be well to duplicate the measurements in reverse order. This 
may complete the field work for this party of two. The office re- 
ductions are of such a nature that they can be best explained 
personally and so will not be attempted here. 



PEOBLEM 55. 

MEASUREMENT OF VOLUMES. 

Directions, — Make a survey and a 5 foot contour map on 
tracing cloth of the present site of the new Engineering Build- 
ing, and including levels of the present basements, and reference 
it to North Hall. Copy in red ink on the same map the con- 
tours as they were before the ground was disturbed. Then by 
the method explained in Johnson, pages, 443-448, compute the 
amount of dirt removed from the site. 



k^ 



